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OBJECTIVE AND SCOPE 

This program involved the experimental study of firebrand 
generation by various roof constructions when exposed to 

building fires. The facility constructed and used for this 
purpose consisted of a reuseable fire chamber 8 ft x 8 ft x 22 ft 

high, covered with a full scale segment of each roof construc­
tion type. Brands produced by each experiment were trapped by 
a screen enclosure and dropped into a quenching pool. All 

brands thus collected were sorted, dried, and weighed. 

Brand production was studied under the internal pressures 

generated by the fire in the chamber and with additional 
pressures generated to simulate larger fires and/or wind induced 

pressures. Roof constructions included: 

1) Wood shingles 
2) Two weights of asphalt shingles 
3) Roll roofing 

4) Cement-asbestos shingles, 
5) Built-up roofing, 
6) no covering 

These were applied to one inch lumber, two inch lumber or 

5/16 inch plywood sheathing. Additional variables included 
roof p£tch and configuration (not all combinations were studied). 

RESULTS 

Tables III, IV and V of the full report are included 

here to describe the results. These tables consist of a series 
of bar graphs. Table III contains all experiments with bare 

roofs and those covered with 2351F asphalt shingles (no wind). 
Table IV contains all other experiments without wind. Table V 
includes all experiments with wind. The first column of bar 

graphs on each table represents the weight distributions of 
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brandscollected by sorting screens of one mesh (C), two mesh (M), 
and seven mesh (F). The second column of bar charts describes 
the total weights (grams) and numbers of brands per square 
foot of roof surface. Column three represents an average rate 
of brand production obtained by dividing the results of column 
two by the time of active brand production for each fire test. 

SUMMARY 

The following generalizations drawn from the report are 
pertinent to the evaluation of the brand producing capabilities 
of ·urban areas and to the description of the later stages 
(transport and host ignition) of brand life. 

1) Within the range of inducE~d pressures studied, 
brands are formed from combustibles that have lost their 
volatiles and have reached a state of glowing combustion. 

2) One inch sheathing produces more and larger brands 
than 5/16 inch plywood or two inch sheathing. This can be 
attributed to some degree to the mode of formation. Should 

the smaller brands prove to be ineffective in spreading fire, 
this difference will be accentuated. 

3) The larger brands f1~om one inch sheathing are 
generally checkered with deep fissures. The brands thus exist 
as clustered segments roughly spherical in shape. This would 
indicate that any increase in the ability of very large brands 
(greater than about 1-1/2 in.) to ignite hosts is perhaps 
caused only by their larger area of contact, rather than by 
greater severity or longer period of burning. 

4) Wood shingled roofs (both tight and open sheathing) 
produce far greater amounts of brands at higher rates than do 
any bare sheathing or any other combination of sheathing and 
covering tested. 
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5) Brand production is greatly increased by high 
internal pressures associated with wind or the occurrence of a 

tall fire column below the roof. It is particularly significant 

that this occurs with built up roofs which are commonly found 
on large structures. This sensitivity to internal pressure 

far overshadows the variations produced by the different common 

asphaltic roof coverings, 

6) Addition of an asphaltic covering decreases brand 
production from one inch sheathing. Intimate contact of the 
covering (built up roof) decreased brand production at low 

internal pressures but apparently caused some enhancement at 

higher internal pressures. 

7) Under the range of conditions studied, burning 
asphalt shingles were found to fly only when fuel was almost 

exhausted. They were eliminat,ed from further treatment as 

their effective range was considered to be short, well within 
the range of fire spread by radiant ignitions, 

8) In applying the results presented in the Tables, 

reasonable approximation should be achieved up to about 0.6 or 
0.7 in.H20 total pressure by linear interpolation along a total 

pressure scale. It can be noted that: buoyancy pressures 

experienced here were about 75 percent of theoretical under 
no wind conditions and dropped to about SO percent of theoretical 

at wind induced pressures of 0 .. 5 in, H20. Similar adjustments 
should be made for structures having internal subdivision to 

restrict air flow. Theoretical buoyancy effects ( 0. 011 in. 
H20/ft height) should be used for structures having large 

undivided volumes. The degree to which wind induced pressure 
should be applied will definitE~ly require definition of the 
internal subdivision. 
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ABSTRACT 

Experiments were performed to assess the capability of 

various roof constructions to produce firebrands when subjected 

to a building fire. These tests of roof segments were conducted 
by placing the roofs over the top of a two story fire chamber 

and, by means of a screen trap and quenching pool, collecting 

all brands generated. Effects of different building heights 

(unrestricted fire height) and wind induced internal pressures 

were simulated by imposing additional pressure on the fire 

chamber interior. 

Results indicate that changes in internal pressures 

produced marked changes in brand production. Of the roof 
constructions evaluated, wood shingled roofs were by far the 

greatest brand producers. Over the range of roofs and imposed 
conditions studied, the brands produced were of low density 

and appeared to be in a state of glowing combustion at the time 

of their generation, or shortly thereafter, 

liT RESEARCH INSTITUTE 

iii 



Section 

I. 

II. 

III. 

IV. 

v. 
VI. 

TABLE OF CONTENTS 

INTRODUCTION ............................. . 

DISCUSS ION ............................... . 

A. 

B. 

Potential Modes of Firespread ....... . 

The Study of Fire Spread by Brands ... 

1. 

2. 

3. 

Firebrand Generation ........... . 

Firebrand Transport ............ . 

Ability of Firebrands to Ignite 
Host Materials ................. . 

THE EXPERIMENTAL PROGRAM ................. . 

A. 

B. 

c. 

Firebrand Generation Facility ....... . 

Roof Cons truct:ions Evaluated ........ . 

Experimental Procedure .............. . 

RESULTS AND CONCLUSIONS .................•. 

A. General ................................ . 

B. Effects of Construction ............. . 

c. Effects of Wind Pressure ............ . 

S~RY . ................................. . 

RECOMMENDATIONS FOR FUTURE WORK •......•..• 

A. Definition of Convect ion Columns .•..• 

B. Firewhirls as Brand Generators ...... . 

c. Evaluation of Internal Building 
Pres s·ures . .......................... . 

D. Brand Generation by Built-Up Roofs ... 

Page 

1 

2 

2 

4 

4 

5 

6 

7 

7 

10 

15 

17 

17 

19 

26 

33 

35 

35 

35 

35 

35 

REFERENCES •.•....•..• I • 8 • • • • • • • • • • • • • • • • • • 3 7 

liT RESEARCH INSTITUTE 

iv 



Figure 

l 

2 

3 

4 

5 

6 

7 

8 

LIST OF FIGURES 

Schematic of Fire Brand Generation 
Facility (T: Thermocouple, A: Hot 
Wire Anemometer, 6P: Differential 
Press·ure Ga·uge) .......................... . 

Lower Portion of Firebrand Generation 
Facility During Construction ............. . 

Fire Research Laboratory Roof 
Showing Upper Portion of Burnout 
Structure, Fire Brand Trap and 
Q·uenc h ing Poo 1 . .......................... . 

Installation of Medium and High 
Pitch Roofs (End Closures of 
Sheet Metal not Shown) ................... . 

Effect of Internal Pressure on 

8 

9 

ll 

14 

Firebrand Production...................... 28 

Effect of Wind Pressure on Firebrand 
Weight /Size Ratio (High Pitch, 
235# Asphalt Shingles, 1" Sheathing) ..... . 

Average Brand Weights Collected 
on Sorting Screens for Various 
Roof Constructions., ..................... . 

Examples of Large Brands 
A: Wood Shingle 
B: 1" Sheathing •......................... 

liT RESEARCH INSTITUTE 

v 

29 

31 

32 



Table 

I 

II 

III 

IV 

v 

VI 

LIST OF TABlES 

Wind Press·ure ............................ . 

Summary of Experimental Results •.••••..•.• 

Brands Produced by Roofs With No 
Covering or With 235# Asphalt 
Shingles . ................................ . 

Brands Produced by Miscellaneous 
Roofs (No Wind) .......................... . 

Effect of Wind Pressure on 

Page 

13 

18 

20 

21 

Brand Production.......................... 22 

Effect of Wind on Brand 
Prod·uction................................. 26 

liT RESEARCH INSTITUTE 

vi 



I. INTRODUCT ID N 

The program described herein is concerned with the 

experimental evaluation of the capability of various roof 
constructions to produce firebrands when involved in building 

fires. Firebrands have been of prime concern to those involved 
in forestry research for many years. The effect of brands on 
forest fire spread is well documented and could be quantitized 
by statistical examination of the records of past burns. Such 
statistics are not available for urban fires. This is due to 
the infrequency of large urban fires and the general preoccupa­
tion of potential observers with other problems. That brands 
must contribute to urban fire spread can be deduced by examina­
tion of the Wolverton data(l) on fire spread in Germany and 

Japan during World War II. This information shows apparent 

fire jumps across spaces much in excess of those that would be 
expected from calculations of radiant exposure. Unfortunately, 
the Wolverton data does not contain sufficient detail to relate 
the fire spread to the prevailing winds or to the time histories 
of fires in specific structures. 

In a more recent study, Kamei(Z) developed several curves 

relating frequency of spot fires and distance using records of 
eleven conflagrations in Japanese cities. The structures 
involved were both good brand producers and susceptible brand 

hosts which led to a very high incidence of spotting. The data 
is somewhat difficult to interpret in terms of most areas of 

American cities. 
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II. DISCUSSION 

A. Potential Modes of Firespread 

Deterministic assessment of fire spread in urban areas 
is presently limited to consideration only of fire spread by 

radiation. Consequently, fire damage or casuality estimates 

tend to be low. Although past experience shows numerous 

occasions where urban fires have spread across large gaps, 
calculations based on the nominal radiant outputs of the fire 

limit this jump distance to 60-70 feet except for the most 
unusual building configurations. Four factors, not presently 

evaluated, can contribute to this discrepancy. They are: 

1) Interaction - At the present time, no enhancement 
(in terms of increased flame size and radiant output) is 

assumed when adjacent structures burn, and thus the net heating 

effect is considered to be the sum of that calculated for each 

structure burning individually. Interaction might be expected 
to increase the ordinary maximum jump distance by 20 or 30 

feet, but would not in itself explain jumps of much larger 

distances. 

2) Convection - At the present time, convective heating 

is not accounted for in assessing the susceptibility of exposed 
structures to ignition. Although convection can contribute to 

total heating over short distances (thus reducing the fire size 
required to make small jumps) it is not expected to greatly 

influence the rate of heating of structures near the maximum 

jump distances, except under conditions of very irregular 

terrain. 

3) Radiant Peaking - Radiant exposures are generally 
considered to cause spontaneous ignitions when the flux level 

at the exposed surface reaches 0.8 cal/cm2-sec, Pilot 

ignitions are considered to be possible at 0.3 to 0.4 cal/cm2-sec. 

These levels were determined from experiments using constant 

heat flux exposures of various woods, which indicate that 

liT RESEARCH INSTITUTE 

2 



approximately one minute of such exposure will cause ignition. 

Exposure to only slightly lov:rer flux levels will produce no 

ignition even after an extended time period, 

Assessment of the heat flux-time output of a burning 

building is usually accomplished by adding the radiant outputs 

from all window of actively burning rooms to some average con­

tribution of flames above the roof. The exposure thus calculated 

is a fairly accurate measure of the average heating rate 
received by an exposed surface, but it does not account for the 
possible effects of short duration changes in the heating rate. 
There are times during a structural fire, however, when interior 
structural collapses produce momentary spurts of flame that 

may well ignite materials previously heated part way to their 

ignition temperature by the general fire level. This general 

level may then be adequate to sustain the ignition (in many 

cases heat flux levels of 0.1 cal/cm2-sec are sufficient). 

This effect can be expected to influence the maximum jump 

distance expected, but will still not explain jump distances 

several orders larger than those presently calculated. 

4) Fire Brands - Depending on their size and shape and 

on environmental conditions, such as the nature of the fire 
convection column and natural winds, firebrands can be carried 
for large distances (one mile is not uncommon in forest fires). 

This mechanism of fire spread certainly has the capability of 
explaining large jump distances. However, one cannot assume 

that all fires produce large numbers of brands which are carried 

great distances. At present, even reasonable estimates of fire­

brand sizes, shapes and frequency of generation in urban areas 

are not possible. Thus, careful study of this potential 
mechanism for fire spread over large gaps is indicated. 
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B. The Study of Fire Spread bv Brands 

The life of a firebrand can be generally subdivided into 

three intervals of interest, namE-ly; generation, transport, and 

ignition of host materials. In statistical treatment of forest 
fire spread, these can be lumpe:d together, that is to say, the 

overall effect of the three stages can be described in terms of 

fuel type, wind, humidity, etc. The fact that numerous forest 
fire records are available permits this approach. The results 
can be applied to certain urban or, at least, suburban areas 

that contain structures scattered throughout heavy vegetation. 
Southern California typically has such areas, 

Apart from this one situation, pe.culiar to limited 

locations, adequate statistics are not available and an evalua­
tion of urban fire spre.ad by brands must presently treat each 

phase of firebrand life separately. Studies of each of these 
intervals can be conducted independently with no particular 

regard for sequential order, It can be anticipated, however, 

that results in each area may direct emphasis to certain por­
tions of the other areas of study. 

1. Firebrand Ge.net·ation 

During a fire, the contents and combustible structural 

e.lements of a building are gradually degraded, and the resulting 
loss of strength permits portions to separate through the 
actions of gravity, spa.ll ir.g and aerodynamic drag from fire 
induced or natural winds. Upon separation, some may settle in 

the debris and others may be carried aloft in the fire's con­
vective column. 

The period in which aerodynamic forces can be expected 

to be most effective is after penetration of barriers to 

vertical flow (roof and floor··ceiling constructions). At this 

stage of fire development, most types of building contents are 

fairly well consumed and the major producers of firebrands can 
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be expected to be the combustible items of thEe'. building construc­

tion and, in particular, the various harriers to vertical flow. 

Apart from the study her:ein re.poJ~t,c-d, rr:J nurr1tit·;.tivr? d8ta 

exist and very little. q'."aiitac'.ve informce;tLclL is avai_lable 

beyond identification of vmod sl:ingles aB prod,.l·:::e.rs cf copicms 

brands. 

2. Firebrand Transport 

A typical firebrand leaves its point of origin, rises 

within a convection column,, leaves tile column at smne point and 

settles to earth. Its final Location ar.d s .:..zc<. upon ::e.aching 

this location depend on the relative magTiitude of thB horizontal 

and vertical forces which ha've acted upon it and the resultant 
. 1 d T "- (3) h d l d d . . ~ .. . 

t~me e apse • ar~ta · as eve. ope. escrlpt~ons or reLat~ve 

motion between brands and the sun::v.mdl.ng medium by rne.asuring 

sett:ling velocity for various brand sizes and shapes, and burn­

ing rates for various seu:l::.c·.g veiJ)cit:ies, Away fr:orn the. fire 

column • traj ectorie.'~ a.n.: n::b.dl dsf:Lrc.d ':Jy SGiJeL''_mptiSiog the 

prevailing wind upon the sectlmg rate. Witi-:in fire columns, 

these descriptions may be difficult to apply. 

The. nature of the. convr:.c t ive c:o1:..m:1s themselves axe 

not well known. Studies have been curi:lulctc'.d to desc::-ibe the 

1 • d • L .(:. • (4 'j 6) t . j- • •c b co umn assoclate . w~ttl ;;. .L ;_restJrm' · ' · ;Ut not ,rng Las e2n 

done for other mass fires or large area fires. The description 

of the trajectory of firebrands within a ve:"tic'll .::olurnn might 

be accomplished analytically· '• ' .. · ass•Jming the brar:d has a me.sn 

upward motion due to the eoL1mn and a fluctuatio:1~ both horizon­

tally and vertically, due to the column tu,_·bulence, Th(o results 

of such a study will describe t:he Jallout of brands at various 

elevations. A similar treatment of a non-vertical column will 

be needed but this best awaits development of an analytical 

model of the conflagration, It is anticipated that, for this 

development, it may be sufficient to add a steady, mean horizon­

tal motion to the firestorm analysis. Certainly such an approach 

is a reasonable interim te.chnique. 
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3. Ability of Firebrands to Ignite Host Materials 

To properly evaluate the effect of firebrands, one must 

establish their ability to cause a significant fire once they 

land. This ability is a function of the material they contact 

and, in certain cases, the radiant energy received from the 

parent fire. Fire spread by brands into areas where blast has 

removed windows will certainly be more prevalent than into areas 

where windows are intact, due to the obvious susceptibility of 

interior combustibles to small brands. Some information pre­
sently exists concerning susc1~ptibility of roofing materials(Ref. 7) 

Additional information on the ability of brands to ignite both 
interior and exterior host materials is being generated as a 

part of OCD Work Unit 2539A. 
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III. THE EXPERIMENTAL PROGRAM 

A. Fire Brand Generation Facility 

A schematic diagram of the experimental facility con­

structed at IITRI's Fire Laboratory is shown in Fig. l. The 

facility is composed of a reuseable fire chamber which is 

covered with the combustible roof segment being evaluated. 
The fire chamber extends through the Laboratory roof which 
contains a brand trapping screen and a quenching pool. The 

fire chamber is a vertical shaft eight feet square and twenty­

two feet high. It is constructed of four foot by eight foot 
modules of expanded metal, framed with structural steel angles 

and coated with about l-l/2 inches of furnace cement. The 
modules are supported by vertical pipes placed several inches 

outside the chamber thus formed (see Fig. 2). One module 

space is left open at the base of the chamber to provide com­

bustion air. Two windows each 30 in.wide by 24 in.high are 

provided near the top of the chamber. One of these (downwind) 
was left open on each burn to provide exhaust for the combustion 
products prior to roof penetration. The fire was provided 

by four burners, one centered on each wall and five to six 

feet above the floor. Each burner directed flames horizontally 

toward the center of the chamber as well as toward the corners. 
Liquid propane was used as a fuel. Fuel delivery rates up to 

3 gal/min were achieved by drawing the fuel as a liquid and 

passing it through a vaporizer prior to introduction in the 

burners. 

Brands leaving the burning structure were trapped by a 

1/2 inch mesh screen cage 25 ft square and 15 ft high. During 
each burn, two men with hoses were stationed on opposite sides 

of the cage to wash down any brands held against the screen by 

the wind or fire convective column. By directing the hose 

streams at an angle, this was accomplished without introducing 

water directly onto the fire, Most brands automatically fell 
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after striking the screen and wer:e quenched in the water pool 
which covered the laboratory roof within the cage. The sorting 

screen shown in Fig. 1 was used to sepat'ate burning members 

which dropped from the roof from the tt:·ue flying brands. A 

photograph of the upper portion of the test structure is shown 

as Fig. 3. In order to superimpose additional pressures repre­

sentative of larger fires or wind impingement on window openings, 

an aircraft engine was placed in a shroud which was attached 

to the 4 ft x 8 ft opening at: the bottom of the fire chamber. 

Instrumentation locations are also shown in Fig. 1. 

Temperatures were. measured at: several heights in the fire chamber 

including locations inunediately under the roof section. An 
entering air tempE,rature. was me.asur:ed upstream from the engine. 
Pressure differenct:\S between the fi:ce chamber and the main 

laboratory were monitoeed at heights of 4 ft and 17 ft above 

the floor. Thre.e hot wire anemometers were placed at the inlet 

to the shroud to measure entering air flow. In addition, a 

pitot tube was placed near the middle anemometer for indication 

of the higher flow rates. 

B. Roof Constructions Evaluated 

The particular roof structures studied were selected 

to include representation of the more common construction in 
combinations that allowed for variation of significant para­

meters. A complete list Ln,g appe.a.rs in Section IV-A. The 

parameters were chosen ns follows (note - all combinations of 

parameters were not tested): 

1. Sheathing 

Three thickness.s:S of sheathing were used: 
2 in.and 1 in.lumber, and 5/16 in,plywood, These 
were chosen as most common while sufficiently 
different to provide indication of the importance 
of sheathing thickness in overcoming the effects 
of covering. As oldtT homes ir: particular contain 
wood shingles applied over open spaced sheathing, 
this combination was in..:~lude!d. With the e.xception 
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Fig. 3 FIRE RESEARCH LABORATORY ROOF SHOWING UPPER 
PORTION OF BURNOUT STRUCTURE, FIRE BRAND 
TRAP AND QUENCHING POOL 
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of the 5/16 in, plywood, all sheathing and framing 
lumber was purchased from a local salvage yard and 
was well aged, The two inch lumber was fir and the 
one ino lumber was yellow pine. 

2" Covering 

Covering materials included: 

a) Two weights of asphalt shingles. 

b) Roll roofing to indicate the effect 
of continuous covering. 

c) Built up roofing (one layer of 15 lb, roofing 
paper cemented to sheathing, one layer of 
90 lb. roll roofing cemented to paper 1 

all seams lapped and nailed) to show 
the behavior of continuous covering 
in tight contacL 

d) Cement-asbestos shingles which might 
affect brand production during spalling" 

e) Wood shingles, These roof sections were 
weathered through one winter and summer 
prior to test. 

Roofs with no covering were also included to serve 
as a base for comparisons as well as to provide some 
indication of the behavior of simple floor construc­
tion, 

3, Pitch and Configuration 

Three roof pitches were selected for study: 
flat, medium (5 in. rise per foot), and high (12 in. 
rise per foot)" In addition, a hip roof was included 
since many short rafters occur in such construction" 

It should be noted at this point that a common 
problem in studying the behavior of construction 
segments is the tendency for segments to be structurally 
stronger than full size components. To maintain a 
reasonable match to longer spans in terms of strength, 
the high, hip, medium and low pitch roofs used nominal 
2 x 4, 2 x 4, 2 x 5 and 2 x 6 rafters respectively. 
In addition, approximately 50 percent of the sheathing 
boards were purposely made up of two or more butted 
pieces. 

12 



4. Internal Pressures 

Although not a construction parameter, it seems 
appropriate to mention induced pressures at this point. 
Fire chamber pressures without induced wind were 
typically zero at: the 5 ft.height and 0.08 to 0.10 in.H20 
at the 17 ft~ height. Calculation will show that for 
fire temperatures of 1600°F, pressure differences of 
0.11 in, H2 0 for every 10 ft. of column he.ight could 

occur. This is not quite achieved since the open 
window relieves the p1:essure to some extent. In larger 
structures with undivided interior spaces, one can 
expect to closely approach the figure of about 0.11 in. H20 

for each 10 ft of height, at least until the roof 
barrier is significantly breached. In structures with 
numerous interior partitions, this will not be the 
case and values much like those from the chamber should 
occur. 

Internal pressures can also be generated through 
the action of wind impinging on the side of the structure. 
Where the interior of the structure has partitioning, 
the portion near the upwind side may be pressurized 
to levels closely resembling the stagnation pressure 
of the wind. Typical stagnation pressures are listed 
below: 

TABLE I - WIND PRESSURES 

Wind Velocity 
(mph) 

10 
20 
25 
30 
40 
60 

Stagnation Pressure 
in. H 0 

0.05 
0. 19 
0.30 
0.44 
o. 77 
1. 74 

For the above reasons, data were collected for 
several roofs at 0.3 to 0.5 in. H20 induced pressure 
and for one roof construction at several pressure 
levels up to about 0.6 in. H2o. 

The various roof sections were placed atop the fire 

chamber but not attached by nails or bolts. Gable ends were 

closed with sheet metal, nailed in place. Fig. 4 shows sketches 
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of the medium and high pitch roof sections and indicates their 

mode of support. Rails were attached to the high pitch roofs 

to prevent end rafters from falling beyond the sorting screen 

during collapse. 

c. Experimental Procedure 

Prior to each test, the roof section was installed, 
the quenching pool covered with sorting screens (described 
later) and filled, and cooling water flow started through the 

pipes supporting the brand trapping screen. To start the 

test, the burners were adjusted to raise the temperature of 

the top of the fire chamber to 1500 to 1600°F in 2 to 3 minutes 

and hold it there. Simultaneously, the aircraft engine was 

started if needed and its speed adjusted to produce the 

desired initial wind pressure. Once adjusted, the engine 

speed was normally held constant throughout the test. As 

roof penetration took place additional gas was introduced into 

the chamber to maintain the upper chamber temperature at 

1600°F until about 25 percent of the roof was open. This gas 

flow was then maintaine.d throughout the remainder of the test. 
This was done to simulate the burning rate of combustible 

building structure and contents which increases when additional 

air becomes available until limited by fuel surface area. 

Obviously, many combinations of fuel surface and arrangement 
could produce varied burning rate-time relations. The simula­

tion chosen had the advantage of being readily repeatable. 

Throughout each burn, visual and photographic observations 

were made from the laboratory roof. Flame locations, penetrations 

and collapse times were noted. At the same time, falling 

embers that occasionally dropped beyond the sorting screen 
were noted for subsequent removal. During the period of brand 

production, water sprays were directed on the brand trapping 

screen as needed to extinguish and drop any brands that did 

not automatically fall to the quenching pooL 
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After the first few burns it became very apparent that 

little raw wood remained in the brands. Upon hitting the 

quenching pool, they invariably sank to the bottom thus eliminat­
ing skimming techniques from being used for their collection. 
As a result, the system of sorting screens was devised and 
used for the remaining experiments. These consisted of stacks 

of three screens,one inch hexagonal mesh, one half inch square 

mesh (7/16 inch openings) and seven mesh (1/8 inch openings). 
Each stack was approximately six feet wide and ten feet long. 

Upon completion of a burn, they were carefully lifted from the 
pool thus sorting the collected brands into three size categories. 

Each screen with brands was photographed and the brands then 
washe.d onto a collecting table and eventually into a storage 

basket. As the large brands were quite fragile when wet (due 
to their high weight in this condition), they were collected 

by hand from the coarse screen and counted during collection. 
This technique was impractical for most medium and fine mesh 

screens and the.y were merely collected into the storage 

baskets for later evaluation. 

The storage baskets of brands were placed in a drying 

room for a minimum of one week and then treated in the follow-

ing manner. Each basket was weighed and a sampling of 
brands removed. This sampling was counted and also weighed. 
The sampling was then ovEm dried and reweighed. From this 

information, the oven dry basket weight and the total brands 
in each basket (except those already counted for the coarse 

screen) were calculated. 
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IV. RESULTS AND CONCLUSIONS 

A. General 

Table II gives a general listing of all the experiments. 
The data have been arrar.ged so that experiments with similar 

roof constructions are grouped together. Thus, the listing 
starts with all roofs having no covering, then follows with 
those covered with 235# asphalt shingles. The next group 
includes the remaining coverings over 1 in. sheathing and is 
followed by a miscellaneous category. The remainder of the 
table lists results with wind induced pressures (the previous 
listings are all for no wind) in the same general order, where 
possible, as those for no wind, 

Included in Table II are the roof and wind descriptors 
as well as the time histories of several stages of each fire. 
For this listing, penetration was taken to mean the presence 
of a visible hole rather than the 1st appearance of flame 
since some penetrations of cracks came earlier but did not 

indicate a start of brand production. A major opening was 
first defined to be about 25 percent of the roof area. The 
time at which this occurred was later noted to· be approximately 

the time at which static pressure beneath the roof dropped to 
ambient and this latter time was used in the table. Additional 
columns in Table II give the weights and numbers of brands 
collected on each screen as well as totals. Where unusually 
large brands were noted these are listed in a separate column 

in addition to being included in the numbers from the coarse 
screen. As mentioned earlier, the screens were seven mesh 

(fine) two mesh (medium) and one mesh (coarse). The final 
columns of Table II show the average brand weights calculated 
for each screen along with an overall average for the burn. 
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Tables III, IV, and V are bar graphs to provide rapid 

comparisons between burns. Table III includes the roofs with 

no cover and those covered with 235# asphalt shingles (no wind). 

Table IV contains all other experiments without wind. Table V 

includes all experiments with wind. The first column of bar 
graphs on each table represents the weight distributions of 

brands collected by the three sorting screens. Weight rather 
than number was chosen since the relative weights on each 

screen were of similar magnitudes which lends ease to visual 
comparisons. The summation of the three bars from a burn is 
approximately proportional to the brands per unit plan area 
as each roof covered about the same floor area. 

The second column of bar charts describes the total 

weight and numbers of brands per unit area of roof surface. 
The weight units of grams/ft2 were retained as they yielded 
small integers with which to describe the results. In order 

to examine the possibility that differences in total brands 

produced could be attributed to different time intervals being 

available for production, a rate of production was displayed 

as the last column of bar charts, The time used to calculate 

these rates was the time from roof penetration to collapse. 
This "average" rate does serve as an indicator although one 
should not assume a uniform :t:'ate of brand production throughout 

this period, The fallacy of such an assumption was visibly 

evident in several burns involving plywood or wood shingles 

where periods of almost no brand production occurred after 

the sheathing was consumed but the rafte.rs had not collapsed. 

In two burns, this time was a significant portion of the total 
and is so noted in Table II. 

B. Effects of Construction 

This section treats those results obtained under condi­
tions where no superimposed wind pressure is added to that 

ge.nerated by the moderate, t~vo story fire. Under these condi­
tions, the outstanding brand producer was the wood shingle roof. 
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Not only did the wood shingles become brands, but they provided 

little or no inhibition to production of brands by the one 

inch sheathing to which they were attached, 

Examination of Tables III and IV shows that total brand 

production and rate of production from wood shingle roofs, are 
both far greater than from any other covering-sheathing combina­

tion, They also greatly exceed the brand production rates and 
quantities from those burns where no covering was present. 
Other roofs tended to be moderate in brand production and in 

many cases the differences between burns with different roofs 
are within the variations noted for repeat burns of the same 
configuration. The variation can be attributed to some degree 

to variations in the development of openings and the stages of 

collapse as the structure weakens. Changes in wind (or large 

volume fire) induced pressures quickly overshadow many of 

these small variations. For this reason, the many burns that 

would be necessary to allow statistical treatment of each 

configuration for fine gradation of all contributing construction 

factors is unwarranted. 

Examination of Table III does show that bare one inch 

sheathing produced more brands than did either the 5/16 in, 

plywood or the 2 in. lumber. The 2 in. lumber came close to 
producing the same total number of brands but the brands were 

much smaller, The small brands are produced mainly by spalling 

action which was most prevalent in the 2 in. lumber, and is 
caused by entrapment of moisture and gases within the wood. 

Should the smaller brands prove to be insignificant in terms 

of eventual fires started, the difference in hazard presented 

by the different sheathings would be accentuated. 

Roof pitch for bare sheathing cases (Table III) seemed 
to have a slight effect on brand production rate and quantity 

in that the flat roof produced measureably less brands than 

did the medium or high pitch roofs, This can be attributed 
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to less chance for ambient wind to directly affect the sheathing 

on the flat roof. Also the sheathing becomes more resistant 
to gravitational forces as pitch is raised and thus has less 
tendency to break and fall before becoming light enough to 

fly. 

Experiment 21 (Table III) was included to determine if 
reducing the supporting strength of the rafters would result 

in greater production of brands. The reverse occurred since 
that period when the rafters are supporting partially burned 

sheathing is a period of high rate of brand production. 

Addition of 235# asphalt shingles to the one inch 

sheathing reduced brand production (Table III). This was 

apparently accomplished by extending the time to penetration 

and thus reducing the period of brand generation. The com­
parisons in Table III show that the total brands produced 
decreased when the 235# shingles were applied while the rate 

of production showed little effect. The average brand weight 
showed no marked change. 

Any reduction in brands derived from increasing the 

asphalt shingle weight to 300=/fo on 1 in. sheathing was minor. 

Burn number 33 (Table IV), in fact shows an increase in pro­

duction. However, this can be attributed to rather high, 
gusty ambient winds which, although blocked from affecting 

the internal pressure, did act on this high pitch roof from 

the side. 

The addition of extra shingles did show a marked effect 
in the case of the hip roof. This experiment was included to 

determine if the many short rafter and sheathing sections 

found near the peaks in such roofs would increase brand pro­

duction. Any such potential was not realized since the 

additional shingles used to cap the hip rafter joints, coupled 

with the added strength near the peak due to the short lengths 

of sheathing, produced a roof that remained quite free of 
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penetrations until the perimeter became quite weakened. At 

this point, total collapse occurred which consisted of almost 

the entire roof as a single unit. This equivalent portion 
of a larger roof can be expected to behave in much the same 

way. 

None of the coverings showed a significant ability to 
reduce the rather low brand production of the 5/16 in,plywood 
roofs. Total brand weights v-1ere about the same while a slight 

increase appeared in the number of brands produced (for example, 

Burns 12 and 18 - Table III). This is probably caused by the 

tendency of the covering to restrict the opening, so that the 
upward gas velocity and thus the rate of brand production 
increased although brand size decreased. The covering 
reduces the time elapsed from penetration to collapse and 

this approximately counter-balances the increased weight rate 

of brand production. 

Burn 16 (Table IV) indicates that an added covering can 

do much to counteract the effects of wood shingles. Burn 17 
(Table III) appears to support a contention that, under low 
induced pressures, covering material can contain 2 in. sheathing 

through the significant spalling period (very few small brands 

were noted coming through thE! window prior to roof penetration 
where they impinged on the sorting screen and fell to the 
inner pool area), 

The continuity of coverage afforded by roll roofing 
(it was noted on several occassions to balloon slightly while 

still retaining continuity prior to penetration) appears to 

prevent a part of the period of high brand production rate 

of 1 in.sheathing (note - both low total brands and low rates 

of production for Burns 23 and 40 - Table IV). The additional 

benefit of cementing the covering layers to each other and 
to the sheathing is shown by Burn 39 (Table IV) in which the 
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roof layers were identical to those of Burn 40 except for the 
cement. Shingled roofs, particularly the spot cemented type, 
that have sustained several hot summers may behave, at least 
to a degree, like roofs with continuous cemented covering. 

C. Effects of Wind Pressure 

Table V gives immediate and obvious evidence that brand 
production is extremely sensitive to internal pressure 
(superimposed wind or large fire size). To facilitate com­
parisons of Tables III and IV with Table V, a brief summary 
is presented in Table VI, below. 

TABLE VI EFFECT OF WIND ON BRAND PRODUCTION 

Burns Cover Pitch Sheathing Wind Wind:No Wind Ratio 
Pressure Wgt. Number 
("~~zO) 

22-23 Roll Med 1" .45 8.9 7.3 
9-25 A. c. Med 1" .44 5.8 9.6 
8-10 3001! Med 1" .30 12. 1 5.4 

11-15 Wood Med l"open 0 50 1. 39 0.64 
18-19 235{! Med 5 I 16 II .39 2.74 1.59 

7-14 235# Med 
Ply 
1" .48 10.9 12.6 

34-35 235{! High 1" .22 3.4 7.6 
34-36 235:/f High 1" .43 4.1 11.2 

34-37 235# High 1" .55 6.8 17.6 

In addition, two roofs that did not produce brands with­
out wind, do so with wind (built-up and 235# on 2" sheathing). 

One can surmise that the lack of a major increase in brand 
production by the wood shingled roofs is due to the fact that 
the shingles were such highly efficient brand producers under 
no wind conditions. The moderate increase for 5/16" plywood 
sheathing is probably due to the limited availability of 

material for brand production. (The plywood is fairly well 
exhausted before the covering is penetrated since the many 
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gaps present between sheathing boards do not exist in the 
plywood.) Comparison of the appropriate parts of Table V 

with III and IV shows that both total brand production and 
rate are increased to about the same degree by the wind while 

the period of brand production does not materially change. 

In the previous section on construction features, it 
was noted that the built-up roof seemed to inhibit brand 

production to some degree due to the cementing of covering to 
sheathing. At the 0.4 in. H2o wind pressure level, the reverse 

seems to be occurring (Burns 22 and 38). Here, the covering 
was being blown by the internal chamber pressure and, in the 
process, helping to tear wood brands loose. 

Burn 20 with 2" sheathing and 0.44 in. H20 wind induced 

pressure produced only a small number of brands. The larger 
of these, however, were somewhat smaller in size than those 

produced in full seale burns of buildings with similar roof 

construction (Ref. 8). This can probaly be attributed to the use 

of 12" wide sheathing boards in the laboratory tests while the 

real structures were sheathed in 6" wide lumber. In addition, 
the active fire heights ranged from 35 to 75 feet at the time 

of roof penetration in the rec:1l structures, which in turn had 

moderate superimposed winds. 

The most complete set of wjnd data was obtained on 

high pitch roofs with 235# asphalt shingles and 1 in. sheathing. 

These results are shown in Fig. 5 as total weight, total 
number, and number of large brands produced by various wind 

induced pressures. For other data, refer to Tables V and VI. 

Figure 6 shows that the average weight of brands 
collected on the 2 and 7 mesh screens decreases as wind is 
increased while that for brands collected by the 1 mesh screen 

increased. Apparently in the presence of wind, the finer 

screens collect particles that are less spherical in shape, 
which reduces the ratio of weight to maximum dimension. 
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The coarse screen collects all brands larger than one inch and 
thus the total weight collected is not sensitive to shape, 

The brands collected on this screen were generally larger 

with wind than without, 

Figure 7 shows data for several other roof segments 

with and without wind, The J::'esults with AC shingles on 1" 

sheathing showed that wind produced minor decreases in average 

brand weights on all three sereens. The reason for this on 
the coarse screen is unknown but may be due to the brands 
being broken up by the spalling action of the AC shingles. 
The roof containing plywood sheathing and the one with wood 

shingles over open 1" sheathing both give increased brand 
size with increased wind for all screens. On the coarse 

screen it is expected, For the other screens with wood 

shingles it probably is due t:o the brands being burned more 

thoroughly without wind and thus being lower in weight per 

unit area, The same can hold true for the plywood with the 
added possibility of ply separation forming thinner brands. 

The brands as collected can be characterized as being slightly 

arched but fairly smooth when their source was plywood or 

wood shingles. The smaller brands from 1" sheathing were 

almost spherical in shape. The larger ones were checkered 
in about a 3/4" grid by cracks and fissures which apparently 
would burn through eventually producing almost spherical 

segments (see Fig. 8). For additional average brand weights, 

see Table II. 
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Fig. 8 EXAMPLES OF LARGE BRANDS 
A: Wood Shingle 
B: 1" Sheathing 
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V. SUMMARY 

The following generalizations drawn from the report are 

pertinent to the evaluation of the brand producing capabilities 

of urban areas and to the description of the later stages 

(transport and host ignition) of brand life. 

1) Within the range of induced pressures studied, 

brands are formed from combustibles that have lost their 

volatiles and have reached a state of glowing combustion. 

2) One inch sheathing produces more and larger brands 
than 5/16 inch plywood or two inch sheathing. This can be 
attributed to some degree to the mode of formation. Should 
the smaller brands prove to be ineffective in spreading fire, 

this difference will be accentuated. 

3) The larger brands from one inch sheathing are 

generally checkered with deep fissures. The brands thus exist 

as clustered segments roughly spherical in shape. This would 
indicate that any increase in the ability of very large brands 

(greater than about 1-1/2 in.) to ignite hosts is perhaps 

caused only by their larger area of contact, rather than by 
greater severity or longer period of burning, 

4) Wood shingled roofs (both tight and open sheathing) 

produce far greater amounts of brands at higher rates than do 
any bare sheathing or any other combination of sheathing and 

covering tested. 

5) Brand production is greatly increased by high 

internal pressures associated with wind or the occurrence of a 
tall fire column below the roof, It is particularly significant 

that this occurs with built up roofs which are commonly found 

on large structures. This sensitivity to internal pressure 

far overshadows the variations produced by the different common 
asphaltic roof coverings. 
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6) Addition of an asphaltic covering decreases brand 

production from one inch sheathing. Intimate contact of the 

covering (built up roof) decreased brand production at low 

internal pressures but apparently caused some enhancement at 
higher internal pressures. 

7) Under the range of conditions studied, burning 
asphalt shingles were found to fly only when fuel was almost 

exhausted. They were eliminated from further treatment as 
their effective range was considered to be short, well within 

the range of fire spread by radiant ignitions. 

8) In applying the results presented in Section IV, 
reasonable approximation should be achieved up to about 0.6 or 
0.7 in.H20 total pressure by linear interpolation along a total 

pressure scale. It can be noted that buoyancy pressures 
experienced here were about 75 percent of theorecical under 

no wind conditions and dropped to about 50 percent of theoretical 

at wind induced pressures of 0,5 in"H20. Similar adjustments 

should be made for structures having internal subdivision to 

restrict air flow. Theoretical buoyancy effects ( 0.011 in. 
H20/ft height) should be used for structures having large 
undivided volumes. The degree to which wind induced pressure 

should be applied will definitely require definition of the 
internal subdivision. 
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VI, RECOMMENDATIONS FOR FUTURE WORK 

OCD is presently purs.uing a multiphase program directed 

at various stages of firebrand life as well as at corollary 

studies required for background information, At the present 

writing, the following items appear to be appropriate steps for 
further study, 

An Definition of Convection Columns 

This item was discussed in Section II-B. Let it 

suffice here to state that more information is needed describing 

the columns and the aerodynamics of brands within the columns. 

B. Firewhirls as Brand Generators 

Should firewhirls have high frequency of occurrence, 

their ability to rend structural combustibles and transport 
them should be included for study. Experimental treatment in 
laboratory and field experiments seems appropriate. 

C" Evaluation of Internal Building Pressures 

More information is needed on the degree to which large 

structural fires achieve theoretical buoyancy pressures. More 
information is also needed on the degree to which wind pressures 

on the building exterior infLuence internal pressure distribu­
tion. Both can and will be incorporated into the goals of the 
urban burn experiments (work unit 2562A) recently initiated at 
IITRL Further information on wind pressures could be measured 
on large structures without having to burn them and might be 

considered as a reasonable approach. 

D. Brand Generation by Built-Up Roofs 

The study reported herein provided a screening of the 
effects of combinations of roof constructions and internal 

pressures on brand production, The combinations which appear 

to require added information are those involving built-up roofs. 
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In order to derive a general e.xpression for this roof class, a 
series of experiments is suggested in which covering weight 

per unit area and sheathing thickness are independently varied 
for a series of internal pressures, As this type of roof is 

most common in structures also having large, high, unobstructed 

interior spaces, the range of internal pressures should extend 

up to about 1 in. H20. 

36 


